Fecal droppings of migratory Canada geese, Branta canadensis, collected from nine sites near the Chesapeake Bay (Maryland), were examined for the presence of Cryptosporidium parvum and Giardia spp. Cryptosporidium sp. oocysts were found in feces at seven of nine sites, and Giardia cysts were found at all nine sites. The oocysts from three sites were infectious for mice and molecularly identified as the zoonotic genotype of Cryptosporidium parvum. Waterfowl can disseminate infectious C. parvum oocysts in the environment.
Fecal droppings of migratory Canada geese, Branta canadensis, collected from nine sites near the Chesapeake Bay (Maryland), were examined for the presence of Cryptosporidium parvum and Giardia spp. Cryptosporidium sp. oocysts were found in feces at seven of nine sites, and Giardia cysts were found at all nine sites. The oocysts from three sites were infectious for mice and molecularly identified as the zoonotic genotype of Cryptosporidium parvum. Waterfowl can disseminate infectious C. parvum oocysts in the environment.
Two genotypes of Cryptosporidium parvum, the animaladapted (or zoonotic) and human-adapted genotypes, have been identified by molecular techniques (1, 12, 14) ; both genotypes can produce life-threatening infections in immunocompromised and immunosuppressed people. The infectivity of Cryptosporidium oocysts is long lasting (3). Aquatic birds have been incriminated in the contamination of water with microbiological agents (11, 16) . Oral inoculations of Canada geese (Branta canadensis) and ducks (Anas platyrhynchos) with infectious C. parvum oocysts demonstrated that the oocysts passed through the gastrointestinal tract, retaining their infectivity (8, 10) . This suggested that waterfowl had the potential to serve as mechanical carriers of C. parvum and to disseminate infectious oocysts in the environment (2) . Giardia spp. are protozoan pathogens of vertebrates; their infectious stage, the cyst, is transmitted via water and fecal-oral contamination (18) . Successful transmission of avian isolates of Giardia to mammals may have serious implications for contamination of watersheds (17) . The purpose of the present study was to determine if Cryptosporidium oocysts or Giardia cysts might be present in the fecal droppings of free-ranging Canada geese, and if so, to assess the concentration of these cystic stages in the goose feces. An additional goal was to determine the infectivity for mammals of any Cryptosporidium oocysts that were recovered from feces of geese, including molecular characterization of the genotype.
Freshly deposited fecal droppings of B. canadensis were collected from nine locations of the Chesapeake Bay (Maryland) area (Table 1) between October and November 1997. Each of nine pooled droppings from a single flock of birds was weighed. Each of the collective fecal specimens was separately processed (5). The fecal sediments (5) were subjected to cesium chloride gradient centrifugation (5) and processed by the cellulose acetate membrane-filter dissolution method for recovery of Cryptosporidium oocysts (7) . The method has a recovery efficiency of 78.8% (9) and does not alter the infectivity of C. parvum oocysts (9) . Giardia sp. cysts and Cryptosporidium sp. oocysts were visualized with the immunofluorescent antibody of the MERIFLUOR Cryptosporidium/Giardia test kit (Meridian Diagnostics, Cincinnati, Ohio) and counted. Equal fractions of 3 suspensions of Cryptosporidium sp. oocysts recovered from feces collected at Wye Island (Table 1) were pooled, and each of four 9-day-old suckling BALB/c mice was inoculated with approximately 9.0 ϫ 10 4 oocysts (3). The mice were euthanatized 96 h postinoculation, and their intestines were processed (3). Histologic sections were examined for developmental stages of Cryptosporidium (3). The remainder of the oocyst pool was subjected to molecular genotyping utilizing PCR for Cryptosporidium TRAP C2 and beta-tubulin genes (14) .
The mean weight of an individual fecal dropping Ϯ standard deviation was 17.2 Ϯ 1.9 g (range, 13.5 to 21.6 g). The total weight of feces collected was 12.6 kg (approximately 733 droppings). Oocysts of Cryptosporidium sp. were recovered from goose feces at seven of the nine sites ( Table 1) . Oocysts of Cryptosporidium sp. recovered from feces collected at Wye Island (Table 1) induced severe infections in all four mice. Results of PCR confirmed that the oocysts used in the mouse bioassay were of genotype 2, the animal-adapted, or zoonotic, genotype of C. parvum. The mean concentration of oocysts Ϯ standard deviation was 370 Ϯ 197 oocysts/g (Table 1 ). Giardia sp. cysts were recovered from all nine pooled fecal specimens. The concentration of Giardia sp. cysts was 405 cysts/g ( Table  1 ). Comparison of the paired numbers of Giardia sp. cysts with Cryptosporidium oocysts in feces showed that the concentration of Giardia sp. cysts was significantly higher than the concentration of Cryptosporidium oocysts (Sign test; P Ͻ 0.02). The concentrations of cystic stages of both pathogens were correlated with each other (Spearman rank correlation; r ϭ 0.69; P Ͻ 0.01). Significant correlation was observed between the weight of fecal specimens and the number of recovered oocysts (Spearman rank correlation; r ϭ 0.50; P Ͻ 0.04).
Visitation of gulls at drinking and recreational water reservoirs caused a decline in the microbiological quality of such waters (11) . Although viable oocysts of Cryptosporidium sp.
were recovered from gull feces the organism was not identified to the species level (16) . Gulls can be infected with Cryptosporidium baileyi (13) . The species of oocysts recovered previously from gull droppings (16) is unknown, and therefore the epidemiological importance of gulls in transmitting C. parvum remains unknown. In contrast, the present study demonstrated for the first time the presence of infectious oocysts of C. parvum in the fecal droppings of birds, migratory Canada geese, as well as the presence of Giardia sp. cysts in these feces. Cryptosporidium parvum is unable to establish intestinal infection in birds (8, 10) , and therefore we conclude that the infectious C. parvum oocysts were acquired by the birds from their natural habitat. The mouse bioassay and PCR showed that the oocysts recovered from goose feces collected at Wye Island (Table 1) were viable and infectious and represented the zoonotic genotype of C. parvum. Interestingly, the same genotype of C. parvum has been recovered from oysters in the Wye River near Wye Island (3). The Eastern Shore of Maryland is a predominantly agricultural region with scattered cattle farms, and migratory geese were actually observed to wander behind the cattle and pick up undigested corn from their feces. Previous studies showed that approximately 25% of C. parvum oocysts administered orally to geese and ducks was recovered (8, 10); thus, geese in the present study may actually ingest higher numbers of the oocysts than we recovered. Because avian giardiasis produces a minimal number of cysts (4) and this pathogen was not previously reported from the Canada goose, it is possible that Giardia cysts were acquired by the birds in their natural habitat. It has been suggested that aquatic birds such as herons be considered as reservoirs for human waterborne giardiasis (4). Avian isolates of Giardia cysts established severe infections in mice, and it has been concluded that birds can contaminate waterways with Giardia cysts and that these cysts are potentially a danger for humans, livestock, and native animals (17) . Irrespective of the origin of Giardia sp. cysts in the goose feces (indigenous infection versus a mechanical carrier), these cysts produced positive immunofluorescent-antibody reactions with the commercial test kit used for testing of raw water samples (6, 15) . The present study provides clear evidence that birds can act as mechanical carriers of infectious oocysts of C. parvum and can disseminate these oocysts in the environment, including drinking water supplies.
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